Abstract. Spontaneous bacterial peritonitis (SBP) is one of the most severe complications in liver cirrhosis (LC) patients with ascites. The aim of the present study was to retrospectively analyze the bacterial spectrum and drug resistance in ascites culture of patients with SBP. A total of 3, 189 patients with ascites were enrolled in the present study, including 912 LC patients, of which 247 had SBP. It was revealed that in the 3, 189 patients, the ratio of SBP exhibited annual increases, especially in 2015, and this trend remained when cases were divided into two groups: Group A (admission, 2011-2013) and Group B (admission, 2014Group B (admission, -2016. The 247 SBP patients were then stratified into two groups: Group 1 (admission, 2011-2013) and Group 2 (admission, 2014Group 2 (admission, -2016. The rate of infection with gram-positive bacteria (GPB) was markedly higher in Group 2 compared with Group 1. Over time, GPB and gram-negative bacteria (GNB) were increased, while the increase of GPB was greater than that of GNB. Direct bilirubin and C-reactive protein levels, and the positive rate of ascites culture in Group 2 were greater than in Group 1. Furthermore, marked differences in serological and ascitic indexes or pathogeny, as well as complications between the patients with GPB and GNB infection were observed. The results regarding drug sensitivity revealed that the resistance rate of GPB and GNB to penicillin (ampicillin) was 100%, while the resistance rate to amikacin, imipenem, meropenem and piperacillin/tazobactam was 0% for GNB, and similarly, the resistance rate to vancomycin, teicoplanin, amikacin and linezolid was 0% for GPB. The results suggested that combined use of ampicillin/sulbactam or piperacillin/tazobactam should be selected forempirical therapy. In cases of nosocomial infection, these drugs should be combined with vancomycin, linezolid or teicoplanin when required.
Introduction
Spontaneous bacterial peritonitis (SBP) is one of the common complications in liver cirrhosis (LC) patients with ascites (1) . Several mechanisms contribute to the occurrence of SBP, including translocation of gut bacteria and their products, reduction of intestinal motility provoking bacterial overgrowth, alteration of the gut's barrier function and local immune responses (2) . The occurrence of SBP in hospitalized ascites patients range from 10-30% (3). Furthermore, SBP secondary to LC frequently aggravates liver damage and induces serious complications, including hepatorenal syndrome and hepatic encephalopathy (4) . Therefore, early diagnosis and effective treatment are vital to improve the clinical outcome.
The clinical manifestations of SBP range from asymptomatic to typical peritoneal infection and even to severe hepatic encephalopathy or hepatorenal syndrome, easily leading to a missed diagnosis and misdiagnosis. Diagnostic puncture frequently has an important role in the diagnosis of SBP (5) . In a previous study, the diagnosis was based on bacterial positive cultures in ascitic fluid and/or the testing of an elevated absolute fluid polymorphonuclear neutrophil (PMN) count in the ascites (>250/mm 3 ) without any obvious abdominal intra-operatively detected source of infection (6) .
In recent years, with the prevalence of multidrug-resistant bacteria and the re-distribution of the bacterial spectrum, SBP has become a serious clinical problem in several countries. In Emerging Gram-positive bacteria and drug resistance in cirrhosis patients with spontaneous bacterial peritonitis: A retrospective study addition, a variation in the epidemiology of bacteria, which may be the reason for the increased prevalence of SBP, was reported in patients with long-term norfloxacin prophylaxis, appearing in the quinolone-resistant bacterial culture, as well as Gram-positive bacteria (GPB) (7) . Numerous studies have focused on the therapeutic effects of various antibiotics and suggested that their efficacy is associated with SBP infection strains. A recent analysis determined that the rate of third-generation cephalosporin resistance ranged from 15.6-44.0% in SBP cases (8) . In conclusion, the selection of effective antibiotics according to the type of pathogen it is crucial for SBP patients. The present study aimed to retrospectively examine changes in the bacterial spectrum, laboratory characteristics and drug resistance in LC patients with SBP. The results may contribute to the understanding of the etiologic features of SBP and may provide guidance for the selection of medication for empirical treatment.
Materials and methods

Subjects.
A total of 3, 189 patients with ascites, including 912 LC patients, of which 247 had SBP, who had been admitted to Beijing Di Tan Hospital, Capital Medical University (Beijing, China) between January 2011 and December 2016 were retrospectively enrolled in the present study. Patients with ascites were assigned to Group A (admission, 2011-2013) and Group B (admission, 2014-2016) . Patients with LC were assigned to Group A1 (admission, 2011-2013) and Group B1 (admission, 2014-2016) . Of these, the patients with SBP identified by positive culture were assigned to Group 1 (admission, 2011-2013) and Group 2 (admission, 2014 Group 2 (admission, -2016 .
All of the patient data were retrospectively retrieved from their electronic health records. The present study was approved by the Ethics Committee of the Beijing Di Tan Hospital (Beijing, China) and was in accordance with the 1975 Declaration of Helsinki.
According to the guidelines published by the American Association for the Study of Liver Diseases (9) and the European Association for the Study of the Liver (10), the diagnostic standard for SBP was a positive ascitic fluid culture and/or a polymorphonuclear leukocyte count of the ascitic fluid of ≥250 cells/mm 3 
.
Laboratory techniques. The ascitic fluid (10 ml) was collected and inoculated into aerobic and anaerobic blood bottles (BD Biosciences) and cultured at an automated culture system (BACTEC 9240 and FX200; BD Biosciences) at 35˚C for up to 5 days prior to being reported as negative. After a positive signal was obtained on the instrument, the cells were smeared and inoculated on a blood agar, and cultivated at 35˚C. These cultivated bacteria were identified with the BD Phoenix™ automated identification and susceptibility testing system (BD Biosciences).
Statistical analysis. All data were analyzed using SPSS 19.0 software (IBM Corp.). The patients' features were assessed using the median (interquartile range) for continuous variables and n (%) for categorical variables. The Mann-Whitney U-test and chi-square test were used for continuous and categorical variables, respectively. A two-sided P<0.05 was considered to indicate statistical significance.
Results
Patient characteristics at baseline. Among the 912 patients, SBP was detected in 247 (27.1%), while the remaining 665 (72.9%) were without SBP. The mean age of the 912 patients (681 males and 231 females) was 56.3±11.9 years. The most general chronic underlying diseases included diabetes in 207 cases (22.7%), high blood pressure in 190 cases (20.8%), coronary heart disease in 15 cases (1.6%) and alcoholic hepatitis, which was not viral hepatitis, in 260 cases (28.5%). The most general cause of LC was viral hepatitis, which was identified in 717 patients (78.6%), including hepatitis B in 139 patients (73.3%), hepatitis C in 17 (9.4%) and hepatitis B + C in 3 patients (1.7%). In addition, among the SBP patients, primary biliary hepatitis was identified in 6 patients (3.3%), autoimmune hepatitis in 6 patients (3.3%) and other types of hepatitis in 9 patients (5.0%). On the other hand, among the patients without SBP, hepatitis B was present in 410 patients (68.9%), hepatitis C in 49 patients (9.10%) and Hepatitis B + C in 9 patients (1.7%). Furthermore, among the patients without SBP, primary biliary hepatitis was present in 19 patients (3.5%), autoimmune hepatitis in 16 patients (3.0%) and other types of hepatitis in 34 patients (6.3%). The ratios were similar between the groups with SBP and without SBP (Table I) .
SBP ratios in ascites patients and cirrhotic patients. As presented in Fig. 1 , the SBP ratios in patients with ascites and cirrhotic increased between 2011 and 2016, with a rising trend observed between 2014 and 2015. Since 2014, as the popularity of the hospital increased, the number of patients substantially increased. Hence, the 3, 189 patients with ascites were divided into two observation groups: Group A, containing 52 SBP patients from the 765 patients with ascites admitted between 2011 and 2013, and Group B, containing 195 SBP patients from the 2, 424 patients with ascites admitted between 2014 and 2016. The patients in Group A and Group B did not distinctly differ regarding their epidemiological and clinical features. However, the laboratory results of the bacterial culture between the two groups were significantly different, i.e., they were distinctly lower in Group A than in Group B (P=0.009; Table II (Table II) .
Classification of total bacteria. As presented in Fig. 2 , during the retrospective enrolment period, a total of 247 patients were diagnosed with SBP, and the total number of bacterial strains Values are expressed as n (%) or the mean ± standard deviation. SBP, spontaneous bacterial peritonitis. In addition, the number of bacteria detected in Group 1 (21 strains) was markedly lower than that in Group 2 (118 strains). Furthermore, the rate of infection with GPB was markedly higher in Group 2 than that in Group 1 [10/21 (48%) vs. 63/118 (53.4%); Fig. 2B ]. Over time, GPB and gram-negative bacteria (GNB) were increased, while the increase of GPB was greater than that of GNB ( Fig. 2A and B) . The strains obtained from the ascitic fluid of patients during the whole term of the study (2011) (2012) (2013) (2014) (2015) (2016) are presented in Fig. 2C and D. Among the bacteria in ascitic fluid, 139 species were identified, of which 66 (47.5%) were GPB and 73 (52.5%) were GNB. Among the GNB, Escherichia coli was the most common isolated stain (26 out of 66 cases, 39.4%), followed by Klebsiella pneumonia ( (Table IV) .
Antibiotic resistance of GNB and GPB strains. In the present study, Escherichia coli (GNB) and coagulase-negative Staphylococcus (GPB) were the major pathogens in SBP. Furthermore, 16 Escherichia coli strains and 12 Klebsiella pneumonia strains were extended-spectrum β-lactamase-positive (Table V) . The resistance rate of Staphylococcus aureus (n=8) and coagulase-negative Staphylococcus (n=20) to penicillin (ampicillin) was 100% (8, 20) , while the corresponding rate for vancomycin, teicoplanin, amikacin and linezolid was 0%, which was consistent with recommendations provided by the Clinical Laboratory Standards Institute (11).
Discussion
SBP is a general and severe complication of LC patients with ascites. It remains to be associated with a significant amount of mortality, in spite of recent improvements in curative approaches (12) . It is generally accepted that an intestinal GNB flora, particularly Enterobacteriaceae, is the major cause of SBP (13) . However, a number of studies have indicated that the proportion of GPB in SBP was increased even more than that of GNB (2, 14, 15) . Furthermore, the emergence of multidrug-resistant bacteria and the variation in the epidemiology of bacteria may lead to failure of the first-line empirical treatment program, thereby posing great challenges (16) . In view of the complexity of SBP strains and the dependence on empirical treatment, the present study aimed to clarify the changes of the bacterial spectrum in SBP and drug resistance, so as to provide a reliable reference for clinical practice.
In the present study, during the observational period, the number of patients with SBP increased, and the number of bacteria also increased over time. The proportion of GPB increased between 2014-2016 compared with 2011-2013, and was even higher than the proportion of GNB. Since the detection methods and instruments used were the same between 2011 and 2016, there should be no significant difference in detection sensitivity. These results were in coherence with several studies, which reported a high frequency of GPB infection associated with SBP (17) . Through the analysis of serological and ascites indexes, it was revealed that direct bilirubin, CRP in the plasma and the positive rate of ascites culture in Group 2 were all higher than those in Group 1. This may be attributed to the clinicians paying more attention to patients with cirrhosis compared to patients with SBP, leading to an improved rate of detection.
Next, the laboratory parameters of cirrhotic patients with culture-positive SBP and their in-hospital complications, as well as the pathogeny and complications were compared between GNB and GPB. The results indicated that GPB infection was more likely to occur in alcoholic hepatitis patients, and to be associated with complications of splenauxe and constipation, while GNB infection caused more serious liver damage and severe abdominal infection. Therefore, the results of the present study suggested that clinicians should pay attention to the possibility of GPB infection in alcoholic hepatitis patients with SBP, and to consider taking measures to prevent splenauxe and constipation in SBP patients with GPB infection. In addition, for SBP patients with GNB infection, it is essential to keep a watchful eye on the occurrence of liver damage.
Furthermore, the antibiotic resistance of GPB and GNB was assessed. The results on drug sensitivity revealed that the resistance rate of GPB and GNB to penicillin (ampicillin) was 100%, while the resistance rates to amikacin, imipenem, meropenem, piperacillin/tazobactam were 0% for GNB, and the resistance rates to vancomycin, teicoplanin, amikacin and linezolid were 0% for GPB. These results indicate that the antibiotics to be appliedmay in part be determined based on the bacterial strains involved in SBP in individual patients. The reported percentage of drug resistance of major pathogenic bacteria to antibiotics recommended as first-line medications by guidelines is relatively high (10,18,19 ). This may be attributed to the imperfection of the antibiotic management system in China. The results of the present study suggest that the use of acombination of ampicillin/sulbactam or piperacillin/tazobactam as an experiential therapy for SBP patients. In nosocomial cases, the abovementioned drugs should be combined with vancomycin, linezolid or teicoplanin, when required.
The present study has a number of limitations. First, the patients included were from a single unit (Beijing Di Tan Hospital, Capital Medical University, Beijing, China) where the occurrence of HBV associated with chronic kidney disease, LC and hepatocellular carcinoma is high. Furthermore, due to the retrospective nature of the study, a possibility for bias and imprecise data collection may exist. More comprehensive prospective studies using a larger number of cases and involving multiple units may be essential. Furthermore, more samples will be collected to validate this trend in the future.
It is imperative that physicians consider all relevant factors when diagnosing and treating patients with cirrhosis and SBP (20, 21) .
Furthermore, SBP is a severe complication of LC, and all patients should be considered for inchoate diagnosis and curative treatment in order to lower the amount of fatalities (22) . High vigilance in patients with ascites presenting with acute clinical deterioration is imperative. The present study indicated differences of the laboratory results of Groups 1 and 2, as well as in-hospital complications between patients with GPB and GNB infection. Combined use of ampicillin/sulbactam or piperacillin/tazobactamin experiential therapy is recommended. In nosocomial cases, these drugs should be combined with vancomycin, linezolid or teicoplanin when required. Therefore, it is essential to watch out for changes in respective indicatorsin plasma and ascites, as well as detect pathogens as Table V . Antibiotic resistance of Gram-negative and -positive bacterial strains.
A, Antibiotic resistance of Gram-negative bacterial strains early as possible to ensure for timely diagnosis and treatment of SBP.
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